Abstract
Introduction
Yoga, an ancient Indian science, has been practiced as a healthy way of life. Recently, yoga has been adopted as an approach to health within alternative medicine. Several yogic exercises, such as Shavasana, Kapal bhati, Hatha yoga, and meditation have been evaluated for their utility in reducing stress and the high blood pressure that often accompanies it. 1,2 Regular practice of yoga for 3-4 months has shown beneficial effects on subjective well being, 3 depression, and anxiety. 4, 5 Sudarshan Kriya Yoga (SKY) is a distinctive yogic practice designed by Sri Sri Ravi Shankar, founder of the Art of Living Foundation, a nonprofit, volunteer-based organization based in Bangalore, India. SKY includes meditation; the rhythmic breathing exercise called Sudarshan Kriya (SK), which is a Sanskrit term meaning "proper vision, purified action"; and pranayama, a term that means "controlling the breath" and involves taking a breath for a period of 4-10 seconds, holding the inhaled breath for a further 4-10 seconds, exhaling over a period of 6-12 seconds, and holding one's breath in the exhaled state for a further period of several seconds.
In pranayama, the arms are raised above the head during inhalation and lowered during exhalation, and the technique known as "ujjayi breathing" is used, which involves experiencing the conscious sensation of the breath touching the throat, and is intended to focus attention on the spinal cord.
Two further aspects of SKY are emphasis on a purely vegetarian Sattvic diet and interactive discussions for attitude training. The combination of these components in SKY is unique, and has been reported to have an antidepressant effect in melancholic patients 6, 7 and also to reduce blood glucose levels in diabetic individuals. 8 However, SKY can be equally beneficial for maintaining the health DOI: 10.1089/act. 2008.14204 Sudarshan Kriya Yoga for Improving Antioxidant Status and Reducing Anxiety in Adults of normal individuals. We describe here our findings in a study done to evaluate the efficacy of 2 months of practice of SKY in apparently healthy individuals.
Methods
The study involved 40 male and female volunteers ranging in age from 20-55 years, who gave written informed consent for their participation. Following their enrollment, they were given the Art of Living Foundation training course in SKY. At baseline and again after the practice of SKY for the 2-month study period, the 37 subjects' clinical, nutritional, and psychometric status were recorded, and constitute the data used in this report of our study.
Daily diet was recorded by the subjects themselves through 24-hour recall on 2 nonconsecutive days. The foods were categorized as Sattvic (pure), Rajasic (overstimulating), and Tamasic (dull). 9 
Psychometric Assessment
All subjects were evaluated with Spielberger's State and Trait Anxiety Inventory (STAI) score, 10 a stress scale, and a patience scale. The 40-item STAI, based on a self-report questionnaire, provides measures of state anxiety, based on the degree of anxiety an individual is experiencing at any given moment, and trait anxiety, based on an individual's characteristic level of anxiety. A higher score for either measure means greater anxiety. Both the state and trait anxiety scales of the STAI have been shown to have high reliability, with median a coefficients of 0.92 and 0.90, respectively. While the state anxiety scale demonstrates variability over time, test-retest reliability for the trait portion of the scale ranges from 0.73 to 0.86. Scores on the STAI are calculated collectively by addition of the state-and trait-scale results, and range from 40 to 160.
Patience Scale
Subjects were also evaluated on a patience scale based on responses to 15 questions relating to different daily situations and answered within a 10-minute period. The evaluation defines patience as calmness, self-control, and willingness or ability to tolerate delay, and impatience as time-urgency and the inability to tolerate slow people or processes. Impatient individuals tend to overreact to stress.
Stress Scale
The stress scale is a self-report rating scale of current stressors, with stress defined as an imbalance between physical or psychologic demand and the response capability to such demand under particular conditions. The scale contains 20 commonly experienced stressors (both eustress and distress items), and respondents are instructed to indicate which stressors they have experienced over the course of the past 2 months. The stressors include: (1) death of a family member or friend; (2) work for more than 8 hours a day; (3) lack of sleep; (4) taking a small loan; (5) minor violations of the law; and (6) outstanding personal achievements. The response to each item is assigned a score, and the scores for both state and trait anxiety are tallied collectively to create a total score, as noted earlier.
Clinical and Laboratory Studies
Each subject's blood pressure, morbidity during the month prior to study entry, current complaints, weight, height, and waist and hip circumference were recorded by a medical doctor. Fasting blood samples of 10 mL were taken and analyzed for glucose, lipids, zinc, superoxide dismutase (SOD), and malondialdehyde (MDA), as previously described. 11 
Statistical Methods
All statistical analyses were done with SPSS version 11.0 (SPSS, Inc., Chicago, Illinois). Differences between means were tested with Student's paired t-test. A Pearson's correlation coefficient was computed to quantify associations between two variables.
Results

General Characteristics of Subjects
The average age of the subjects was 39.1 years (Table 1 ). All subjects had a body-mass index (BMI) within the normal range except 5 women whose BMIs ranged from 30 to 35 and 3 men whose BMIs were above 26. All subjects had normal fasting glucose, cholesterol, and plasma triglyceride levels, with hemoglobin and plasma zinc at the lower limit of normal.
Although the study subjects were advised to engage in short, 30-minute sessions of SKY on a daily basis, and in longer, onceweekly sessions lasting 75 minutes each, it was observed at the end of the 2-month study period that 25% of the women and 73% of the men engaged in both the longer, once-weekly sessions of SKY accompanied by at least one shorter, 30-minute session per week, but that 75% of the women and 27% of the men in the study were using only the longer, once-weekly session. Average anxiety scores on the STAI at the beginning of the study were 81.9 ± 4.3 for men and 91.2 ± 4.3 for women. A greater percentage of women (31.2%) than of men (7.8%) had high anxiety scores. After 2 months of SKY practice, the mean anxiety score for the overall study population was significantly reduced, to 70.1 ± 2.1 (P = 0.049), as was the anxiety score for women, for which the final mean was 84.1 ± 4.0 (P = 0.036). Patience scores at baseline were 27.5 ± 1.2 for men and 22.8 ± 1.2 for women, and increased over the 2-month course of SKY practice by 9% for men and 4% for women. At baseline, the average stress score was 40.1 ± 4.6 for men and 51.1 ± 5.2 for women, and decreased over the course of the study by 10.2% for men and substantially, by 42.4%, for women. Overall, practice of SKY for the 2-month study period significantly reduced both the anxiety score (P = 0.004) and stress score (P = 0.017), but only marginally improved the patience score (P = 0.11). The changes in these psychometric indices were associated with the frequency of SKY practice (Fig. 1) . Figure 2 shows the change in subjects' dietary patterns following 2 months' practice of SKY. Consumption of Sattvic foods, such as cereals, fresh fruit, and vegetables, had increased by 25% in men, from 655 ± 42 g/day to 871 ± 39 g/day, and by 33% in women, from 594 ± 58 g/day to 743 ± 61 g/day, and averaged 871 g/day among men and 743 ± 61 g/day among women. Consumption of Rajasic foods, such as spices, sweets, and fried foods, averaged about 35 ± 9 g/day in women and 70.3 ± 13 g/day among men, and did not change significantly from the baseline to the end of the study. Intake of Tamasic foods, which included meat, fermented products, garlic, onions, and eggs, was 225 ± 27 g/day among men and 179 ± 20 g/day among women at the study baseline, and fell by 21% in men and by 14.3% among women across the 2-month study period of SKY practice (p < 0.05). Figure 3 shows a significant increase in antioxidant capacity measured as SOD (P < 0.00001) and a reduction in oxidative stress as plasma MDA (P = 0.005) after SKY practice. A marginal mean reduction of 7% was observed in the subjects' plasma triglyceride levels (P = 0.15). Practice of SKY increased the sense of well being in 67% of the subjects, improved sleep quality in 50%, and increased enthusiasm for work in 33%.
Discussion
Recently, impatience, as reflected in the definitions of type A and type B personalities, has been a focus of medical research in heart disease. Research has revealed that individuals with high levels of hostility and impatience (type B) in young adulthood are likely to develop high blood pressure later in life. Data in the present study, Niacin (mg) 12.5 ± 0. although collected from healthy individuals, showed a positive albeit nonsignificant correlation of stress scores with systolic and diastolic blood pressures (r = 0.32; P > 0.1).
According to yogic concepts of nutrition, foods are categorized as Sattvic, or pure; Rajasic, or overstimulating; and Tamasic, or dull with respect to their effect on the body and mind. SKY is a holistic approach to health with an emphasis on breathing exercises, meditation, and adherence to a Sattvic diet, which involves the eating of fresh fruits, vegetables, and milk and the avoidance of Tamasic foods such as animal foods, fried foods, sweets, and stale foods. The Sattvic diet emphasized in SKY, possibly together with a reduced intake of Rajasic and Tamasic foods, may have reduced anxiety scores and oxidative stress in our study population.
Several studies comparing yoga to antianxiety medication reported greater improvements with the former than the latter. A study of 24 women who identified themselves as having high levels of stress but who did not have diagnoses of psychiatric illness reported benefits of twice-weekly 90-minute practice of Iyengar yoga-a systematic method of Hatha yoga that involves close concentration on the movements in the various asanas or yogic postures for bringing the body into balance, and an inward refocusing of attention for reducing stress, anxiety, and depression and improving physical well-being. 13 SKY has been reported to be effective not only for treating stress and anxiety, but also for post-traumatic stress disorder (PTSD), depression, stress-related medical illness, and substance abuse, and for rehabilitation of criminal offenders. 14 In the competitive modern world, in which stress and anxiety are part of everyday life, adopting a lifestyle based on yoga may facilitate a healthy life. Reports of the utility of yoga for treating subclinical anxiety and stress are scanty, and more research is needed in these areas. 15 Our data indicate beneficial effects of 2 months of SKY practice on subclinical anxiety in apparently healthy, free-living adults.
In our study, SKY practice also significantly increased blood levels of SOD as an indicator of antioxidant status, resembling an earlier observation, 16 and reduced plasma MDA, another such indicator.
SKY involves a cyclic breathing process in which long breaths are followed by medium and short breaths. In SKY, the breath, which is by definition necessarily a present event, is conceptualized as a "rope that tethers the wandering mind," which otherwise typically oscillates widely among differing thoughts and between the past and the future. In our study, SKY significantly reduced anxiety scores, indicating stabilization of mental activity. It also improved antioxidant status. Further study of a large number of individuals is necessary to confirm these results. However, we believe that SKY can play a vital complementary and alternative role in promoting a healthy lifestyle.
